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(54) Ink-jet recording method and printed recording medium 



(57) Disclosed herein is an ink-jet recording method 
in which recording is conducted with an ink comprising 
a pigment component on a recording medium compris- 
ing a substrate and a porous layer including polymer 
particles provided thereon, the method comprising, in 
the case where the pore diameter distribution of the 
porous layer including polymer particles and the particle 
diameter distribution of the pigment component are both 
expressed in terms of frequency distribution, the steps 



of forming an image upon controlling a proportion of the 
frequency of the pore diameter of the porous layer 
including polymer particles, which overlaps the particle 
diameter distribution of the pigment component, to the 
frequency of the whole pore diameter of the porous 
layer including polymer particles to from 0.1 % to 10 % ; 
and heat-treating the porous layer including polymer 
particles after the formation of the image. 
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Description 

- BACKGROUND OF THE INVENTION 1 " ' : • ** ' ; 

5 *- Field of the Invention ...■ = *.. 

1 [0001 ] The present invention relates to an ink-jet recording method Svhich is suitable for the formation of images using 
inks containing a pigment component, and a print obtained by the ink-jet recording method. 

w Related Background Art ' 

[0002] An ink-jet recording system is a recording system in which minute droplets of an ink are ejected by any of var- 
ious working principles to apply them to arecording medium such as paper, thereby making a record of images, char- 
acters and/or the like, and has quicWy spread as a recording system for recording apparatus of various images in 
15 various applications including information instruments because *rt has features that recording can be conducted at high 
speed and with a low noise, color images can be formed with ease, recording patterns are very flexible, and develop- 
ment and fixing processes are unnecessary. Further; it begins to be applied to a field of recording of full-color images 
because images formed by amurti-cblor ink-jet recording system are comparable in quality with murti-coldr prints by a 
plate making system and photoprints by a color photographic system, and such records can be obtained at loyver cost 
20 than the usual multi-color prints and photoprints when the number of copies is small. With the improvement in record- 
ability.such as speeding up and high definition of recording and full-coloring of images, recording apparatus and record- 
ing methods have been improved, and recording media have also been required to have higher properties. In order to 
satisfy such requirements, recording media have been variously improved so as to meet objects, applications and inks. 
[0003* In the ink-jet recording system, droplets of ah ink are ejected at high speed from a nozzle toward a recording 
medium. Since the ink contains agreat amount of a solvent such 1 as water or a mixed solvent of water and an organic 
solvent, a large amount of the ink is required to achieve a high color density. Since the ink droplets are continuously 
ejected, a beading phenomenon that the ink droplets fuse with each other, and dots of the ink aggregate may occur 
after a first droplet is ejected, resulting in disorder of an image: therefore, ink-jet recording media are required to com- 
bine great ink-absorbing capacity with high ink-absorbing speed: 

[0004] • Therefore, a great number of recording media, in which a porous layer comprising inorganic particles is formed, 
have been proposed. For example, in Japanese Patent Application Laid-Open No. 2-276670, a porous layer comprising 
ah alumina hydrate is provided on a substrate for the purpose of enhancing absorbehcy, color reproducibility and reso- 
lution. Japanese Patent Application Laid^Operi-No. 4-101880 proposes a recording medium in which an ink- fixing layer 
is formed with a resin, which is transparent and dissolved in' or swelled with a solvent contained in an ink, on a substrate. 
35 [0005] In the ink-jet recording system, inks of the type that a dye component is dissolved in a solvent have heretofore 
been often used.. However, in the case where a dye-baseti ink is used, the resulting print involves a problem that since 
:the print isnaturally poor in light fastness and ozone fastness; it undergoes 'fading or color change when it is stored for 
a long period of time. Therefore, Japanese Patent Application Laid-Open No. 58-136482 and U.S. Patent No. 5, 374,475 
propose recording media: in- which a porous layer comprising a thermoplastic polymer material is provided on a sub- 
strate, and the porous layer is melted by the action of heat and pressure after printing to' make the porous layer dense. 
[0006] Japanese Patent Publication No. 2-31 673 proposes a recording medium having an inR-receiving layer of a two- 
layer structure in which a layer of an inorganic pigment having a great ink-absorbing capacity is formed oh a substrate, 
and an ink-receptive layer comprising an : organic thermoplastic polymer is provided as the outermost layer. 
[0007] On the other hand, pigment inks have been recently spread in place of the dye-based inks for the purpose of 
solving the problems of light fastness, water fastness and ozone fastness and providing images of higher optical den- 
sity, and also applied to the ink-jet recording system. 
[0008] In the case where a pigment ink is used, a problem that the resulting print becomes poor in rub-off resistance 
and water fastness when the image is exposed on the surface of a recording medium arises because a pigment con- 
tained in the ink is not dissolved in a sblvent. Therefore, a mechanism that the pigment is captured and fixed is required. 
so There is known a system that a polymeric fixing agent is contained in an ink in addition to a pigment component to fix 
the pigment by the polymeric fixing agent upon the impact of the Ink. However, this system must be still improved to 
achieve high fixing ability. A recording liquid making combined use of a pigment and a dye is known from the viewpoint 
of providing images of high optical density. 4 

[0009] Media suitable for pigment inks have' been proposed in Japanese Patent* Application Laid-Open Nos 8- 
55 230308, 9-30116, 9-66660 and 9-123593. 

[001 0] However, the above-described prior arts have involved the following problem. Since a marked difference in par- 
ticle and molecular sizes lies between pigments and dyes, mechanisms of fixing or adsorbing them differ greatly. There- 
fore, recording media suitable for use in dye-based inks are not always applicable to pigment inks. For example, when 
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printing is conducted on the recording medium described in Japanese Patent Application Laid-Open No. 2-276670, por- 
tions, on which a pigments 200 and a dye 201 are deposited and exposed on the surface of the recording medium 302 
as illustrated in Fig. 9, are formed when respective inks are ejected in great amounts, so that sufficient rub-off resist- 
ance and water fastness cannot be achieved in the resulting image. When printing is conducted on the recording 

5 medium described in Japanese Patent Application Laid-Open No. 4-101880, the viscosity and strength of the resin por- 
tion are continuously reduced due to the dissolution or swelling of the resin portion in or wrth a solvent in an ink, and 
ink-absorbing speed is slowed, so that its sticking and separation by contact occur. In addrtion. the color density pf the 
resulting image is also insufficient: When printing is conducted on the recording medium descrtoed in Japanese Patent 
Application Laid-Open No. 58-136482 or US. Patent No. 5,374,475, coloring materials, both portent component and . 

10 dye component, are trapped in a microporous layer through a microporous structure. Therefore, the pigment compo- 
nent 200 large in particle diameter is dispersed and arranged by halves in pores in the resin layer 402 as illustrated in 
Fig. 1C), so that the optical .density of the resulting image cannot be enhanced even when the amount pf the ink is 
increased. ' . , • - . . . 

[0011] The recording medium described in Japanese Patent Publication No. 2-31673 is designed so as to achieve a 

is more sufficient ink-absorbing capacity, but not intended to be applicable to pigment inks as well Ma»e specifically, since 
correlation between a pignrient and the size oipores in th§. resin layer is not optimized, the^gment corrponent in the 
pigment ink is dispersed and arranged in pores in the r^sin layer provided on the^inorganK: pigment -layer, so that the 
optical-density of the resulting image cannot be enhanced even; when the amount of the ink is increased 
[001 2] Some problems are involved in the above-described media suited to pigment inks as woi 

20 [001 3] In Japanese Patent Application Laid-Open No. 8-230308, a porous undercoat layer havwig a pore size of the 
submicron order is provided on a substrate, and an overcoat layer containing plastic bead* and having pores of the 
micron order js provided thereon to trap a pigment forming an, image in the^pores of .tbe mcron orttor m the overrcoat 
layer. However, since the pigment trapped is dispersed in a. vertical.direction of the overcoat lay*r to p«n«trate thereinto, 
it is difficult to realize a high optical density pf image. In addition, since the pigment only penetrate **o tf>e pores in the 

25 overcoat layer, and is not fixefl, the recording medium has involved a problem that the resulting prr* « lacking in long- 
term reliability upon its storage. - •>-' 
[0014] In Japanese Patent ApplicationLaid-Open No. 9-301 1.6, a surface layer.603 havng por«* through which a pig- 
merit 200 passes, and an ink-holding layer 602 are provided on,a-transparent substrate 601 as #ustr ated *i Rg.i11. ln 
this medium, the pore volume and pH of the surface layer are adjusted so as to conduct prmtng «wih a pigment inkfrom 

30 the side of the surface layer 603, and an imageformed is observed from the side of the transparent sU56*aie601r How- 
ever, the medium involves a problem that when characters are printed, an apparatus tor prtntng reiiected-mage char- 
acters and a pretreatment of the image are required. In addition, since the surface layer 603 has ir* pores of the size 
that the pigment can pass through, the transparency of the surface Iayefc603 is lowered, and so th* meoRjmhas been 
not suitable for a recording medium of the transmission type such as QHR - j . t \ - j / 

35 [0015] In Japanese Patent Application Laid-Op^ 

layer on a substrate, and another porous layer having a smaller average pore diameter, than r>«porouvaJ;*njna hydrate 
- layer is provided thereon. In this medium, the upper layer controls an ink-ajbsorbing speed to urvtomr> disperse and 
absorb a pigment ink. However, the ink-absorbing speed, of the upper layer is slow, and so prab*em» $ucn. as feathering 
have arisen when a large amount of the ink is ejected, i. • t • • , - , : ; - 

40 [0016] In Japanese Patent Application Laid-Open No. 9-1 23593, a pQrous, alumina hydrate layer having a thickness 
of 1 to 200 fim is provided on a substrate, and a water-soluble resin layer having a thickness c* 0.0 1 to 50 urn rs provided 
thereon to absorb a solventin an ink and swell, thereby moderately controlling a drying spt«d Kmw, this medium 
has jnvolved problems thatthe medium takes. a long time from the swelling to the diymg, that feathering occurs 
when a large amount of the ink is ejected. - , 

45 f * '' 

SUMMARY OF THE INVENTION . 

[0017] With the foregoing problems in view, it is an object of the present invention to.protnde an mfc |et recording 
method, by which even when a pigment ink comprising a pigment component as a coloring material * used, the pig- 
so ment can be uniformly fixed to achieve a high optical density of image, and a print obtained by such an »m-jet recording 
method. . 4 ... : ~ 1 ' 

[001 8] The above object can be achieved by the present invention described below. • 

[0019] According to the present invention, there is thus provided an ink-jet recording method m wtuch recording is 
conducted with an ink comprising a pigment component on a recording medium comprising a substrate and a porous 
55 layer including polymer particles provided thereon, the method comprising, . .. 

in the case where the pore diameter distribution of the porous layer including polymer parfccies and the particle 
diameter distribution of the pigment component are both expressed in terms of frequency distrtxition. controlling a 
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proportion of the frequency of the pore diameter of the porous layer including polymer particles, which overlaps the 
• particle diameter distribution of the pigment component, to the frequency of the whole pore diameter of the porous 
layer including polymer particles to from 0.1 % to 10 % to form ah image; and 

heat-treating the porous layerindudmg polymer particles after the fo^ • ' / " 

[0020] According to the present invention, there is also provided a print on a recording medium comprising a substrate 
and a polymer resin layer provided on the substrate,- wherein a pigment component in an ink is fixed In the vicinHy'of the 
surface of the polymer resin layer, and a dye component in the ink is fixed on the substrate. 

[0021 ] According to the present invention, there is further provided a print on a recording medium comprising a sub- 
strate, a porous layer including inorganic pigment and a polymer resin layer successively formed on the substrate 
■ wherein a pigment component in an ink is fixed in the vicinity of the surface of the polymer resin layer and a dye com- 
ponent in thejnk is fixed into the porous layer including inorganic pigment ' ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022]' < , . - >• .- :• • . 

: Fig. 1 is a cross-sectional view illustrating an exemplary print obtained by printing with a pigment ink oh a recording 
medium according to the ink-jet recording method of the present invention. 

Fig. 2 is a cross-sectional view; illustrating another exemplary print obtained by printing with a pigment" ink on a 
< recording medium according tothe inkijet recording method of the present invention; 

Fig. 3 is a cross-sectional view illustrating an exemplary recording medium used in trie present invention 

- Fig. 4 is a cross-sectional view illustrating another exemplary recording medium used in the'present invention r 

- Fig- 5 is a plan view illustrating an. example of the relationship between a pigment in ah ink and a porous' layer 
. including polymer particles of a recording medium. . . 

Fig. 6 diagrammatically illustrates an example of the relationship between the particle diameter of a pigment com- 
,. ponent in an ink used in the present invention 'and the pore diameter of a porous layer including polymer particles 

Fig. 7 illustrates examples of a printing pattern for evaluation used in Examples of the present invention ' 
• Fig. 8 illustrates other examples of a printing pattern for evaluation used in Examples of the present invention 
Fig. 9 illustrates an exemplary print obtained by printing with a pigment ink on a conventional recording medium 
Fig: 1 0 is an enlarged cross-sectional view illustrating another exemplary print obtained by a conventional recording 
method. ■■• ■ . i ■ - . • . • ■ ■ -< . _ . 

:, Fig. 1 1 illustrate a further exemplary print obtained by another conventional recording method. 
DESCRIPTION. OF THE PREFERRED EMBODIMENTS' •'■ • 

[0023] A feature of the present-invention resides in an ink-jet recording method, by which when printing is conducted 
with an ink comprising a pigment component as a main component of a coloring material, the pigment is uniformly fixed 
to achieve ahigh optical densityrof image. Another feature resides ; in a print which has'excellent water fastness and light 
fastness, is capable of storing for a long period of time arid achieving good rub-off resistance though an ink relatively 
high in pigment concentration is used, satisfactorily exhibits the effects brought about by enhancing the concentration 
of a pigment in the ink,:and realizes a'high optical density of image and excellent color tone. The present invention has 
been completed by further investigating findings obtained by experiments by the present inventors. ' 
[0024] The present invention will hereinafter be described by the preferred embodiments. i 
.[0025] Figs. 1 and 2 illustrate examples of the print according to the present iriverttion. In Fig. 1, reference numeral 
101 indicates a substrate. 102 is a polymer resin layer formed into a film by heating a porous layer including polymer 
particles. 200 is a pigment component fixed, and 201 is a dye component fixed. Referring to Fig. 2 a porous layer 
including inorganic pigment 103 is provided between the substrate 101- and the polymer resin layer 102 in which the 
pigment component is fixed in the vicinity of the surface of the resin layer 102; and the dye component 201 is fixed on 
the porous layer including inorganic pigment 103. 

[0026] In the present invention, the pigment component 200 in the ink is uniformly arranged and fixed in the vicinity 
of the surface of the.polymer resin layer 102- Therefore, the transmission of light through the image is prevented as 
much as possible even when printing is conducted over a wide range like solid printing, so that a print on which an 
image of high optical density has been formed can be obtained/ Since the polymer resin layer 1 02 is transparent a print 
also usable for O.HP and the like making good use of optical transmission is provided. The term "transparent polymer 
resin layer" as used herein means a layer having a light transmittance of at least 50 %. preferably 85 % or higher In 
addition, since the dye component isfixed on the substrate 101 or the porous layer including inorganic pigment 103 the 
optical density of .mage is further enhanced to achieve excellent color tone, and moreover the fading or color change 
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characteristically occurred in the dye component can be prevented because the dye component is covered with the pol- 
ymer resin layer 102. Since the polymer resin layer A 02 is formed by heat-treating a porous layer including polymer par- 
ticles to make it dense, a molten resin penetrates into. the pigment component uniformly arranged at the same time as 
the densif ication, and the resin and pigment component strongly unite after cooling, so that the print comes to have high 

5 rub-off resistance and water fastness. * , 

~ [0027] Recording media used for providing such prints as illustrated in Figs. 1 and 2 are those illustrated in Figs. 3 
and 4, respectively. In Figs. 3 and 4, reference numeral 1 04 indicates the porous layer including polymer particles to be 
formed into the polymer resin layer by heating. Reference numerais^101 and, 103 are a substrate and a porous layer 
including inorganic pigment, respectively. , - ... J; -, <.~ 

10 [0028] Fig. 5 schematically. illustrates the porous layer including polymer particles viewed from the ink-impact surface. 
Theporous layer including polymer particles is formed in a porous matrix structure. Voids in theporous matrix structure 
correspond to pores. In Fig. 5, reference numeral 901 indicates a polymer resin particle, 902 is a pore, and 200 is a 
pigment component impacted. - ■ 

[0029] When an ink is impacted on the porous layer including polymer particles according to the present invention, a 

is solvent in the ink passes through the pores 902 to be absorbed into the porous layer including polymer particles since 
the relationship between the pore diameter of the porous layer including polymer particles and the particle diameter of 
the pigment component in the ink is optimized. However, the pigment component 200 does not pass through the pores, 
but is adsorbed and arranged in the vicinity. of the surface of the porous layer including polymer particles. Namely, the 
porous lay.er including polymer particles 104 functions as a layer that is permeated by the solvent in the ink and rnore- 

20 over as a pigment componentTretaining layer for fixing the pigment component. Morei specifically, the resin layer plays 
a role of filter" that is permeated by water (solvent) in the ink, , but, not permeated by the pigment component. At this 
time, when the relationship between the pore diameter of the porous layer including polymer particles and the particle 
diameter of the pigment component is expressed by the pore diameter distribution of the porous layer including polymer 
particles and the particle diameter distribution of the pigment component; the role as lilted is developed by controlling 

25 the degree of overlapping between both distributions in terms of frequency distribution as illustrated in Fig. 6. More spe- 
cifically, even when the ink contains a great amount of a pigment component having.a relatively small particle diameter 
in the particle diameter distribution, the effect of the filter ,that the pigment component is successfully held and arranged, 
and the splvent permeates is achieved by contrqlling-a proportion^ the frequency (frequency of an area : A) of the pore 
diameter of the porous layer including polymer particles, which overlaps the particle diameter distribution of the pigment 0 

30 component, to, the frequency of the whole pore diameter of the porouslayer including polymer particles to from 0.1 % 
to 10 %. If the proportion is lower than 0.1 %, the permeation of the solvent in the ink is inhibited. If the proportion is 
higher than 10 %, the effect for. uniformly arranging the pigment component is lowered.i It is more preferred that the 
degree of overlapping be 5 % or lower. 

[0030] It is preferred that the pore diameter of the porous layer including polymetparticles be within a range of from 
35 10 to 300 nm. If the pore diameter is smaller than 10 nrn, the absorbing speed of the resulting recording medium cannot 
be enhanced. If pores of.greater than 300 nm are present, the degree of overlapping with the particle diameter of the 
pigment component in the ink is increased, so that the effect for uniformly arranging the pigment component is lowered. 
[13031] The pores in theporous layer : induding polymer particles may be distributed in such a manner that their pore 
diameters are gradient/from a surface layer portion through an intermediate layer portion to a 1 lower layer portion. In par- 
40' t ticular, when the pore diameter of the porous layer, including polymer-particles within* a range of from the surface of the 
" porous layer including polymer particles to.the depth of 5 fim is controlled to 100 nm or smaller,;the effect for uniformly 
arranging the pigment component in the vicinity of the surface of the porous layer including polymer particles is further 
enhanced. In addition, when the pigment component is controlled to be present Within a depth of 1 \\xn from the sarface, 
the optical density of an image formed on the resulting recording medium can be further /enhanced. Incidentally,' the 
45 measurement of the pore diameter distribution is conducted in accordance with the mercury intrusion porosimetry [the 
details are described in literature such as E. W. WASH I BURN, Prop. Natl. Acad. Sci. 7, p. 1 15 (1921)] after vacuum- 
drying a recording medium sample obtained by forming a porous layer including polymer particles on a PET film for at 
least 24 hours. The calculation of a pore diameter is conducted in accordance. with the method by Barrett et al. [J. Am. 
Chem. Soc. 73, 373 (1951)]. 

so [0032] On the other hand, the term "particle diameter of the pigment component" as used herein substantially means 
a diameter of an aggregate of primary particles. The particle diameter distribution of the pigment component used in an 
ink-jet system is generally within a range of from 30 to 500 nm, preferably from 60 to 200 nm. In the present invention, 
the particle diameter of pigment particles is measured in accordance. with the centrifugal sedimentation method. 
.[0033] Such pores in the porous layer including polymer particles as described above can be obtained by optimizing 

55 the relationship among the kind and particle diameter of polymer resin particles used, drying conditions, film thickness 
and the like. ' . 

[0034] In the present invention, particles of a thermoplastic resin are used to form the porous layer including polymer 
particles. The resin particles are used in the form of an aqueous or non-aqueous dispersion or suspension, or a colloi- 
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dal solution in a solvent or water. 

[0035] Examples of such resin particles include particles of polyester, polyethylene, polyurethane. styrene-aaylic 
copolymers, polyacrylic acid esters, polymethacrylic acid esteii, ethylerie-vinyi acetate copolymers, jx>lystyrene and 
.polyvinyl chloride. However, the present invention is not limited to these resins. Besides, those obtained by modifying 

5 .these resins, and copolymers of these resins with other monomers may be used. These resins may be used either sin- 
' gly or in any combination thereof as desired, . ♦ 

[0036] The form of the resin particles may be either spherical or needle. However, they are preferably in the form near 
a sphere in order to form a porous layer including polymer particle^ having more uniform pores. 
[0037] The resin particles preferably have an average particle diameter of 0.1 iim to 5.0 M m. If the average particle 

to ^ diameter of the resin particles is smaller than 0. 1 urn, any pore having a pore diameter of 1 0 rwn or greater cannot be 
obtained, so that no porous layer including polymer particles havmg good ink absorbehcy and ink permeability can be 
provided. Therefore, the resulting recording medium causes ink overflowing and feathering or bleeding upon printing. If 
the average particle diameter of.the resin particles exdeeds 5.0 iim. pores Kaviriga pore diameter of 300 ran or greater 
come to exist in plenty in the resulting porous layer including polymer particles. Therefore, upon printing, a part or a con- 

15 siderabiy large amount of a pigment component in an ink diffuses in the interior of the porous layer including polymer 
particles, and so the pigment component cannot be trapped and arrknged in the vicinity of the surface of the porous 
layer including polymer particles. Therefore, the image formed becomes tow in color density and dui because the pig- 
ment component is present with scatter. The average particle diameter of the resin particles * more preferably within a 
range of from 0.2 jim to 3.0 ^im. ■ 

20 [0038] The minimum film-forming temperature of the resin particles is preferably within a range of from 40*C to 1 50°C. 
The minimum film-forming temperature means the minimum temperature at which the resin particles can be tormed into 
a uniform film when they are applied and heated: In the present invention, the resin particles are unrformly applied to 
form a porous layer including polymer particles. Therefore, it is necessary to heat and dry the coat^g layer under such 
conditions that the resin particles are fusion-bonded to one ariother to a degree tnat the coatrng layer has a certain film 

25 strength, so as to form a porous matrix structure. In the present invention, the porous matn* structure * such that the 
polymer resin particles are partially bonded to one another by heating to form a matrix structure, and vends among the 
particles other than the matrix are utilized to absorb an ink. and iis different from the structure ol t>e porous layer includ- 
ing inorganic pigment, in which inorganic particles themselves have pores, and the pores are utkz ed to absorb the ink. 
Therefore, if the minimum film-forming temperature is lower than 40°C, the resin particles tend to be lormed into a 

30 dense fiim when they are applied'and dried, so that the porosity is lost, As a result; the permeation of not only the pig- 
ment component in the ink, but also water is prevented, and so the resulting recording medium causes rtk overflowing 
and feathering or bleeding upon printing. In order to prevent such resin particles from bfeing formed mo a dense film, 
the drying temperature may be lowered. However, a solvent in the dispersion or colloidal soMon coated becomes hard 
to be dried, so that it takes a tong time to dry the coating layer. If the minimum film-forming temperaiur e exceeds 1 50°C, 

35 it is necessary to conduct a heat treatment after formation of an image at a high temperature, so ffiat problems of 
decomposition, oxidation and/or coloring of the substrate, porous layer including inorganic pigment and pigment and 
dye in the ink arise: The more'preferable-miriimum film-forming temperature is from 50°C to 130" C * 
[0039] The thickness of the porous layer including polymer-particles is preferably from 1 M m to 40 »m n ^ thickness 
is smaller than 1 M m, such a resin film cannot fulfill the role as thefnk-absorbing la^er, and moreover its function of fixing 

40 the pigment component is also lowered: More specifically," the reason why a pigment corrponert *n an r* can be fixed 
in the present invention is as follows. When printing is conducted witKthe ink, the ink is first uniormty arranged in the 
vicinity of the surface of the porous layer including polymer particles. As the quantity of the ink ejected, or the concen- 
tration of the pigment component is increased, the pigment component itself more closely ov««i«** eacn of** on the 
surface of the porous layer including polymer particles after impact of the ink, whereby the p.ynent ayroonent is uni- 

45 formly arranged with a dense layer formed. At this point of time; the resin particles of the resm layer m e not bonded to 
the pigment component. When the printed area is rubbed in this state/the arranged pigment cximpc^ent « naturally 
> separated. In the present invention, however, the resin particles forming the porous layer including poi ^nex particles are 
melted around the pigment component uniformly arranged by heating after the printing, and bonded to the pigment 
component. At this time, the resin particles are not enough to be bonded to the pigment component if the truckness of 

so the porous layer including polymer particles' is not sufficient, so that an unfixed pigment ajrnponent remains. In the 
present invention, the viscosity of the resin particles is lowered by the heating, so that the resm parbdes penetrate in a 
molten state into voids defined among the particles of the pigment component arranged to fulfill the role o* a binder to 
' bond the particles of the pigment component to each other. The molten resin particles are allowed to penetrate into the 
voids of the pigment component in the ink sufficiently and to cover further the surface of the ptgment component sug- 

55 giciently, by forming the porous layer including polymer particles in a sufficient thickness. When an mk contantng a'dye 
component is used, the effects of the resin layer on light fastness and ozone fastness are also reduced rf t*e thickness 
is too thin. On the other hand, if the resin layer is too thick, it'may crack in some cases upon drying, so that its strength 
is lowered; and the evenness of the coating film is impaired. As'a result, the transparency thereof, and the brightness 
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of an image formed on the resulting recording medium are also lowered. .The thickness of the porous layer including 
polymer particles is more preferably from 3 : u.m to 30 urn/ , 
[00401 ,The heat treatment for making the porous layer including polymer particles dense is carried out in a hot-air 
.drying oven or infrared drying oven, or on a hot plate, which is commonly used,. These devices may be used in combi- 

$ " nation. The heating may be conducted from the front side, back side or both sides of a print. Pressing may be used in 
combination with the heat treatment. At this time, the melting by the heat treatment is facilitated by the pressing. There- 
fore, the densification of the resin layer is accelerated, so that the treatment can be conducted in a shorter period of 
time.. Specifically, a coated substrate is passed through heated rolls used in lamination and the like and then through 
cooling rolls to complete the heat treatment. When the surface of each roll is planished, a smoother surface may-be pro- 

10 . vided. When the surface of each roll is roughened on } the other hand, a matted surface may also beprovided. 

.[0041.1 No particular limitation is imposed on the concentration of the polymer resin particles in a coating formulation. 
However, the resin particles may be suitably used in a concentration of 5 A to 50 % by weight. A . small amount of a poly- 
mer component functioning a$ a binder may be added to the polymer resin particles; 

. [0042] . No particular limitation is imposed, on the coating method of ,the polymer resin particles, and the coating may 
is be conducted jay a roll boater, air knrfe coater, blade coater,Jj>ar coater, gravur e coater, rod coater or thejike. The drying 
is conducted at 9 temperature lower than the minimum film-forming temperature of the polymer resin particles by a hot- 
air drying oven, infrared drying oven or the like commonly used, or any combination thereof. 

[0043] No particular limitation is imposed on the substrate 101 used, and various kinds of substrates may be used. 
Examples of usable substrates include paper webs such as suitably sized paper, water leaf paper and resin-coated 

20. paper, resin films or sheets, cloths, glass and metals. In the case of the resin f Hmsor sheets, may be used transparent 
films or sheets composed of polyester, polystyrene,. polyvinyl chloride, pplymethyl methacrylate, cellulose acetate, pol- 
yethylene or polycarbonate, as well as ppaque films r or sheets opacified by the filling of an alumina hydrate, titanium 
white or .the like, or the formation* of minute foams. When a transparent film is used as the substrate, the resulting 
recording medium can also be used as a sheet for OHP (overhead projector) or in the formation of medical images as . 

25. an X-ray film or the like! When an opaque; plastic film containing a white pigment,. or paper is used as the substrate, the 
resulting recording medium can also be used in.a field of photographic images like photoprints. Further, various kinds 
of color pigments may be contajned in a substrate to make it translucent or colored, thereby controlling the color tone 
of the whole image. . , • . <; 

[0044] The substrate may be subjected to a surface treatment such as a corona discharge treatment, for improving its 

30 adhesiveness tq the ink-receiving ( iayer, or provided with an easy-adhesive layer as an undercoat. Further, a curl-pre- 
venting layer such as a resin layer or a pigment layer for preventing curling may be provided on the back surface of the 
substrate or at a desired posrtion thereof. . - 

'. [0045] No particular limitation is imposed on the thickness of ^e substrate as well. However, it is preferably from 5 
urn to 500 jim. The thickness of the substrate may.be suitably selected, as necessary for the end application intended. 

35 [0046] As a recording medium.capabie of realizing higher imagadensity and higher gradation, there Js considered a 
recording medium comprising, a substrate 101, and a.pprous layer inciudr»g anorganic pigment 1 03 and;a porous layer 
including polymer particles 104 successively formed on the substrate 10V as illustrated in Figs. 2 and 4. When the 
recording medium illustrated in Fig. 4 is used in the present invention, high absorbing ability is achieved.because the 
relationship between,the absorbing capacity, and absorbing speed of the porous l 4 ayer including polymer particles 104 

40 and the porous layer including inorganic pigment 103 is optimized. Namely, the recording medium can also be used in 
printing by a printer from which a great amount of an ink is ejected. Therefore, an image high in optical densityof image 
and gradation can be provided. More specifically, the absorbing capacity of the porous layer including inorganic pigment 
103 of a lower layer is made greater than that of the porous layer including polymer particles .104 of an upper layer, 
whereby most of a solvent is absorbed in the porous layer including inorganic pigment 103, so that the solvent is pre-; • 

45 vented from running in lateral directions in the porous layei; including polymer particles 104. A dot diameter, of the ink 
impacted can be optimized by, adjusting the balance of ink absorption among all ; the (ayers in such a manner, so that 
the high optical density of image obtained by the pigment component can be secured without any impairment. Besides, 
the absorbing_speed of the porous layer including polymer particles 104 of the upper layer is made higher than that of 
the porous layer including inorganic pigment 103 of the lower layer, whereby the solvent in the ink impacted can be 

so transferred to the I ewer layer immediately after printing, so that a possibility of feathering at the surface can be further 
reduced, and an image higher in resolution can be formed. ■ , • 

[0047] The porous layer including inorganic pigment 103 functions as an absorbing layer for the solvent component 
in the ink and moreover as a fixing layer for a dye component when the ink contains the dye component, and assumes 
most of the ink absorptjon by the whc>le ink-absorbing layer of the recording medium. Therefore, it is desirable to have 
55 a great jnk-absorbing capacity in particular. . , r 

[0048] In order to secure a sufficient ink-absorbing capacity, it is necessary to adjust the pore diameter of the porous 
Jayer including inorganic pigment. At this time, it is desirable that the average pore diameter be 20 nm or smaller, and 
* any pore exceeding 20 nm be substantially not present. If the average pore diameter exceeds 20 nm, light scattering 
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occurs on the resulting porous layer including inorganic pigment, so that the transparency of the recording medium is 
; impaired. and moreover an image formed thereon by printing becomes .whity. Therefore, such a great'average pore 
diameter is not preferred. Incidentally, the pore diameter distribution is determined by the nitrogen adsorption and des- 
orption method. ... • . . r 

[0049] In order to adjust the absorbing capacity, it is desirable that the total pore volume of the porous layer including 
, inorganic pigment be within a range of from 0.1 to 1.0 cc/g, preferably from 0.4 to 0.6 cc/g. If the pore volume of the 
porous layer including inorganic pigmentis greater-than the upper limit of the above range, cracking and dusting tend 
to occur upon the formaton of porous layer including Inorganic pigment. If the pore volume is smaller than'the lower 
hmrt of the aboverange,the porous layer.including .inorganic pigment becomes poor in ink absorption. It is'also desira- 
ble that the pore volume per unit area of the porous layer including inorganic pigment be at least 8 cc/m 2 If the pore 
volume per unit area is smaller.than this limit, the ink-absorbing ability assumed by the porous layer including inorganic 
pigment becomes, insufficient, so that inks tend to run out of the porous layer including inorganic pigment when multi- 
color printing is conducted in particular, andiso.bleeding occurs on an image formed. The BET specific surface area of 
the porous layer including inorganic pigment is preferably within a range of from 20 to 450 nrVg. If the BET specific sur- 
face area is to small, the haze.degree of the porous layer including inorganic pigment increases, so that an image 
formed thereon tends to wear a white haze. If the BET specific surface area is too great on the other hand, the porous 
layer including inorganic pigment tends to crack. - . , 

,. [0050] The.porous layer including inorganic pigment is desirably formed on the substrate as a layer composed of inor- 
ganic pigment part.cles bound by a binder,The inorganic pigment particles are preferably porous particles. The particle 
■ d/arneter thereof is preferably from 20 to 500 nm. For, example, when particles having a particle diameter smaller than 
the lower limit of the above range are used, the resulting.porous layer including inorganic pigment may tend to crack in 
some cases: .When particles having: a particle diameter greaterithan the upper limit of the above range are used on the 
other than, light scattering occurs on the resulting porous layer including inorganic pigment, so that the haze degree 
thereof increases, and an image formed thereon becomes whity as a whole. Specific examples of the inorganic pigment 
include calcium carbonate, kaolin, talc, calcium sulfate, barium sulfate, titania. zinc oxide, zinc carbonate aluminum sil- 
icate, alumina hydrate, silicic acid, sodium silicate, magnesium silicate, calcium silicate and silica. These pigments may 
be used either singly or in any combination thereof.'. t ... ' 

[0051] Examples of a pigment preferably used from the. viewpoints of ink absorbency and resolution in particular 
include silica and alumina hydrate. As the silica; there may be used any of natural silica, synthetic silica, amorphous 
fnnifof o 09 y mod,f,ed silica compounds. However, silica, having a positive charge is particularly preferred 
[0052] Since tfie alumina hydrate has a positive charge, a dye in an ink is well fixed thereto, and an image high in 
gloss and good in coloring can hence be provided. In addition, an ink-receiving layer comprising such an alumina 
hydrate has a low haze degree and high, transparency compared with ink-receiving layers using another pigment 
rnn«,° r ? e f lum ' na hydrate is more P referred as a Pigment used for the porous layer including inorganic pigment 
[0053] The alumina hydrate used in the present invention is represented by the general formula 

• • - • : , . . :.AI 2 Oi n (OH) 2n vmH 2 0 . •; 

=. wherein n is an integer of 0.. V, 2 or 3.' and m isa number of 0 to 10, preferably 0 to 5. In many cases. mH,0 represents 
an aqueous phase which does not participate in the formation of a crystal lattice, but is able to be eliminated Therefore 
m may take a value other than an integer. Besides, m may take a value of 0 when this kind of alumina hydrate is calci- 
nated. 

• [0054] As an alumina hydrate useful in the practice of the present invention, may preferably be used an alumina 

• hydrate described in Japanese Patent Application Laid-Open Nos. 5-125437, 5-125438. 5-125439 or 6-1 14571 ; 
[0055] The pore properties of the alumina hydrate.are adjusted in the course Of its production. In order to meet the 
BET specific surface area and pore volume required of the porous layer including inorganic pigment, it is preferred to 
use an alumina hydrate the pore volume of which is within a range of from O.1 to 1 .0 ml/g. If the pore volume of the alu- 
mina hydrate is outs.de the above range, it is. difficult to adjust the pore volume of the porous layer including inbrganic 

, pigment within the above-specif ied range. =. , • 

[0056] An alumina hydrate having a BET specific surface area within a range of from 40 to 500 m 2 /g is preferably 
used. If the BET specific surface area the alumina hydrate is outside the above range; it is difficult to adjust the BET 
specific surface area of the porous layer including.inorganic pigment within the above-specified range 
[0057] ,.A binder used in combination with the above pigment is preferably a water-soluble or water-dispersible poly- 
mer. Preferable examples thereof include polyvinyl alcohol or modified products thereof ; {cationically modified, anioni- 
cally modified, s.lanol modified), starch or modified products thereof (oxidized, etherified). gelatin or modified products 
thereof, casein or modified products thereof, gum arabic. cellulose derivatives such as carboxymethyl cellulose, hydrox- 
yethyl cellulose and hydroxypropylmethyl cellulose, conjugated diene copolymer latexes such as SBR latexes NBR 
latexes and methyl methacrylate-butadiene copolymers, functional group- modified polymer latexes, vinyl copolymer 
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. latexes such as ethyl ene-vinyl acetate copolymers, polyvinyl pyrrolidone,* maleic anhydride polymers or copolymers 
thereof,,and acrylic ester copolymers. These binders may be used either singly or in any combination thereof. 
[0058] The mixing ratio of the pigment to the binder may be optionally selected from a range of from 1:1 to 3Q:1 , pref- 
erably from 5:1 to 25:1 so far as the BET- specific surface area and pore volume of the resulting porous layer including 

5 . inorganic pigment satisfy the above ranges, respectively; lithe amount of the binder is less than the lower limit of the 
above range, the mechanical strength; of the resulting porous layer including inorganic pigment becomes insufficient, 
which forms the cause of cracking and dusting. If the amount is greater than the upper limit of the above range, the pore 
volume of the resulting porous layer includrng:inorganic pigment is reduced, resulting in a recording medium poor in ink 
absorbency. <. . . : *. - s -. * 

io [0059] : A coating formulation is obtained by using the aboverd escribed inorganic pigment and binder. This coating for- 
mulation is appliedto a substrate, whereby the porous layer including inorganic pigment can be formed. 
[0060] : The coating formulation itsetf preferably has: a pKof 3 to 7. When the porous layer including inorganic pigment 
is formed using a coating formulation having a pH lower th$n 3, "the ink.applied to the porous layer including inorganic 
pigment may, tend to undergo color change in some cases. When the pH is higher than 7 on the other hand, the coating - 

is formulation tends to increase its viscosity, and so its stability with time may be deteriorated in some cases. - 

[0061] To the coating formulation, there may be further added a dispersing agent, thickener, pH adjuster, lubricant, 
flowability .modifier, surfactant, rantifoaming agent, water-proofing agent, foam suppressor, parting agent, mildewproof- 
ing agent and/or the Hke within limits not impeding the object of the present invention; 

[0062]- The coating formulation on the substratemay be applied by a coating process using, for example, a blade coat- 
20 ing system, air-knife coating system, roll coating system, brush coating system, gravure coating system, kiss coating 
system, die coating system, extrusion system, slide bead (slide hopper)' system, curtain coating system or spray coat- 
ing system. v ^ . 

[0063] The coating weight >of* the coating formulation on the substrate may be suitably selected as necessary for the 
end application intended. If the coating film is too thin, the resulting porous layer including inorganic pigment fails to suf- 

25 ficiently absorb an inkapplied, so that feathering or bleeding. occurs- on the porous layer including polymer particles of 
the upper layer. Therefore, such a too thin coating film is not preferred. If the coating film is too thick on the other hand, 
the strength of theresutting porous layer including inorganic pigment is lowered, and a defective coating film is -formed 
upon applying or drying, so.that;portions incapable.of securing:a sufficient ink-absorbing capacity are partiallytformed 
in the resulting porous layer. In addition, the transparency of the porous -layer is- reduced, so that there is a possibility 

30 that the transparency of the resulting print or the brightness of an image to be formed on the resulting recording medium 
: may be impaired. Therefore, such a too thick coating film is also not preferred; Thus, in order to' secure a good absorb- 
ing capacity and keep thestrength of an overall film, the thickness of the porous layer including inorganic pigment is 
preferably within a range of *rom 5 to 50 *im. ; ■-. 

[0064] The coating layer provided on the substrate is subjected to a drying treatment by heating as needed; thereby 
35 obtaining the porous layer including inorganic pigment. The aqueous medium (dispersing medium) is evaporated by the 
drying treatment, and at the same time a film is Jqrmed byxrosslinking or fusion bonding between the alumina hydrate 
particles and the binder. The conditions of the drying treatment may be suitably determined according to the composi- 
tion of the coating formulation used. The drying is. conducted by a hot-arr drying oven, infrared drying oven or the like 
' commonly used, or any combination thereof.^ . * .c" = - ' - • ' 

40 [0065] No particular limitation is. imposed on pigment inks for ink-jet used in the present invention. An Outline thereof 
will hereinafter be given. 

[0066] - The amount pf a pigment component contained in,the pigment.inks used in the present invention is preferably 
within a range of from 0.1 to 20 % by weight, more- preferably from 1 to 12 % by weight based on the total weight of the 
ink. Any pigment may be used in the present invention. For example, as carbon black used in a black ink, may be men- 

45 tioned those produced in accordance with the furnace process or channel process and having such properties that the 
primary particle diameter is from 1 5 to 40 nm. the specific surface area-is from 50 to 300 nr^/g as-measured by the BET 
method, the oil absorption is from 40 to 150 ml/100 g as determined bousing DBP ( the volatile matter is from 0.5 to10 
%, and the pH is from 2 to 9. Examples of commercially-available carbon black having such properties include No. 
2300, No. 900, MCF88, No. 33 ( No. 40, No. 45, No. 52, MA7, MA8 and No. 2200B (all, products of Mitsubishi Chemical 

so Industries Limited), RAVEN 1255 (product of Columbian Carbon Japan Limited), REGAL 400R, REGAL 330, REGAL 
660R and MOGUL L (all, products of Cabot Company), and Color Black FW1, Color Black FW18, Color Black S1 70, 
Color Black S150, Printex 35 and Printex U (all, products of Degussa AG). As examples of pigments used in yellow, 
magenta and cyan inks, may be mentioned C I Pigment Yellow 1.. C.I. Pigment Yellow 2, C.L Pigment Yellow 3. CI. Pig- 
ment Yellow 13. C.I. Pigment Yellow 16, C.I. Pigment Yellow 74 and C.I. Pigment Yellow 83, C.i. Pigment Yellow 142; 

55 C.I. Pigment Red 5, C.I. Pigment Bed.7,.C.I. Pigment Red 12, C.I. Pigment Red 48(Ca). C.I. Pigment Red 48(Mn), C.I. 
Pigment Red 57(Ca), C.I. Pigment Red 112 and C.I. Pigment Red 122; and C.I. Pigment Blue 1, C.I. Pigment Blue 2, 
C.I, Pigment Blue3„CI. Pigment Blue 15, C.I. Pigment Blue 15:3, C.I. Pigment Blue 16, CI. Pigment Blue 22, C.I. Pig- 
ment Blue 199, C.I. Vat Blue 4 and C.I. Vat Blue 6, respectively. However, the pigments are not limited to these pig- 
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ments. Those newly prepared for the practice of the present invention may also be used in addition to the above 
pigments. •■ . 

[0067] In order to improve the dispersibility of the pigments, a dispersing agent may be added. Examples of the dis- 
persing agent include nonionic surfactants, anionic surfactants arid water-soluble resins! When a known easy-dispers- 
ing type pigment is used, any dispersing agent may not be added. 

[0068] ft is desirable that the inks used in the present invention be adjusted to neutrality or alkalinity as a whole 
because the solubility of the water-soluble resin used as the dispersing agent is enhanced, so that the ink can be pro- 
vided as an ink far excellent in long-term storability. ; ln this case, it is rhbre desirable that the pH be adjusted to a'range 
' be eroded 1 ° bSCaUSS t0 ° W9h alkalinity fomisJ tne ^at various parte used in an jnk-jet'recordihg apparatus may 

[0069] The pigment and the water-soluble resin as a dispersing agent as described above are dispersed or dissolved 
in a liquid medium. 1 : . . " / .<. -• ■• . ' . ■. ' . K : . 

[0070] An aqueous medium suitable for the inks used in the present irivention'is a mixed solvent of water and a water- 
soluble organic solvent. As the water, it is preferred to use ion-exchahged water such as deionized water, not tap water 
containing various ions. - ." - •. ^ 

[0071 ] As examples of the water-soluble organic solvent optionally used in combination with water, may be mentioned 
alkyl alcohols having 1 to 4 carbon atoms, such-as methyl alcohol, ethyl alcohol, n-propyl; alcohol, isoprbpyl alcohol n- 
butyl alcohol, sec-butyl alcohol and tert-butyl' alcohol; amides such as dimethyHormamide and dimethylacetamide- 
ketones and ketone alcohols such as acetone and diacetone alcohol; ethers such as tetrahydrofuran and didxane- pbly- 
alkylene glycols such as polyethylene glycol and polypropylene glycol; alkytene glycols the alkylene moiety of which 
has 2 to 6 carbonatoms. such as ethylene glycol, propylene glycol, butyiene glyebl. triethylene glycol, thiodiglycol hex- 
ylene glycol and diethylene glycol; 1,2.6-hexanetriol; glycerol; lower alkyl ethers of pblyhydric alcohols, such as ethyl- 
ene glycol monomethyl (or monoethyl) ether; diethylene glycol methyl (or ethyl) ether and Methylene glycol mbnomethyl 
(or monoethyl) ether; N-methyl-2-pyrrolidbhe; 2-pyrrolidone; and 1.3-dime<rty»-24rnida Z olidinone. 
[0072] The content of the water-soluble organic solvent in the ink used in the present invention is generally within a 
range of from 3 to 50 % by weight, preferably from 3 to : 40 % by weight based oh the total weight of the ink," while the 
content of water used is within a range of from 10 to 90 % by weight, preferabiy'from 30 to 80 % by weight based oh the 
total weight of the ink. ■ . ; 

[0073] The inks used in the present invention are prepared in the following manner. A pigment and a dispersing agent 
if needed are first added to an aqueous solution comprising a water-soluble organic solvent and water, and the mixture 
is stirred. A dispersion treatment is then conducted'in accordance with "a dispersing technique described' below and as 
needed, a centrifugation is carried out to obtain a desired dispersion. Compounds used in the present invention or such 
components as mentioned above are then added to the dispersion. The resultant mixture is stirred to prepare an ink. 
[0074] In the preparation process, it is effective to conduct premixing for at least 30 minutes before the aqueous solu- 
tion containing the pigment is subjected to .the dispersion treatment. This premixing operation serves to improve the 
wettability of the surface of the pigment and facili tate adsorption of a resin on the pigment surface when a water-soluble 
resin is contained. 

[0075] Any dispersing machine commonly used may be employed as a dispersing machine used in the present inven- 
tion. As examples thereof, may be mentioned ball mills, roll mills and sand mils. Of these mills, a high-speed sand mill 
is preferred. Specific examples thereof include Super Mill. Sand Grinder. Beads Mill. Agitator Mill. Grain Mill Dyrio Mill- 
Pearl Mill and Coball Mill (all. trade names). ' ' - 
[0076] In the present invention, as methods of obtaining a pigment having a desired particle diameter distribution may 
be mentioned techniques in which the size of a grinding medium in a d.spers-ng machineis made smaller in which the 
packing rate of a grinding medium is made higher, in which processing Urne is made longer, in which discharging rate 
is made lower, and inwhich classification is conducted by filter, centrifugal separator or the like after grinding Any com- 
bination thereof may also be included. . . • ' •. 
[0077] The dye optionally contained in the inks in the present invention may be any of the known water-soluble dyes 
typified by direct dyes, acid dyes, basic dyes, reactive dyes and food colors. There may be used, for example direct 
dyes such as C.I. Direct Black 17, 19, 32, 51, 71. 108 and 146, C.I. Direct' Blue 6. 22. 25, 71, 86, 90 106 and 199 C I 

?^f t «1 ed 1 ' 4 " 1 7 ' 28 3nd 83> and C L DireCf Ye " 0W 12, 24> 26 " 86 ' 98 and 1 42; acid ^ s '"ch ai C. I. Acid Black 2 
7.24.26.31.52,63. 112 and 1 18. C.I. Acid Blue 9. 22. 40, 59. 93. 102. 104. 113. 117. 120 167 229and234 CI Red 
1. 6. 32. 37. 51.51; 52. 80. 85. 87. 92. 94. 115. 180; 256. 317and315. and C:i. Acid Yellow lV 17' 23 25 29 42 61 
and 71 ; and besides C.I. Basic Black 2. C.I. Basic Blue 1. 3. 5. 7. 9. 24. 25. 26. 28 and 29. and C I ' Basic Red'l 2 9 
12. 13. 14 and 37; and Food Black 2. ' ' ' 

t0 °I 8 i above - mentioned d y e s are examples of dyes particularly preferred for the inks applicable to the recording 
method of the present invention. The dyes for the inks used in the present invention are not limited to these dyes The 
content of these dyes in the inks is preferably within a range of from 0.5 to 4.6 % by weight. 

[0079] The present invention will hereinafter be described more specifically by the following Examples However, the 
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present invention is not limited to these examples. 

[0080] Incidentally, all designations of "part" or "parts" and as will be used in the following examples mean part 
or parts by weight and % by weight unless expressly noted' . ■ ■>.. 

5 Example 1: fc . , _ s . 

[0081 ] A transparent PET film (1 OOQ80D, trade, name, product of Toray Industries, Inc., transmittance: 88.74 %) hav- 
ing a thickness of 100 pm was used as a substrate. In order to, form a porous layer including inorganic pigment on this 
substrate, a'coating dispersion was prepared in accordance with the following process. Aluminum dodeoxide was first 

10 hydrolyzed to prepare an alumina slurry. .Water. was added to the alumina slurry until the solids content of alumina 
hydrate' reached 7.9 %. After a 3.9 % nitric acid solution was then added to this slurry to adjust the pH of the slurry the 
slurry was aged to obtain colloidal so|. This colloidal sol was sprayrdried at75°C to obtain an alumina hydrate. The alu- 
mina hydrate was dispersed in, ion-exphanged water to prepare a 15 % aqueousxJispersiop. Polyvinyl alcohol (Gohse- 
: nol NH18, trade name, product of The Nippon Synthetic Chemical Industry Co., Ltd.) was then dissolved; in ion* 

is exchanged water to obtain a 10 % aqueous solution. The alumina hydrate dispersion and the polyvinyl alcohol solution 
1 were mixed so as to give a mixing ratio of 10:1 by weight, and the resultant mixture was stirred to prepare a coating 
dispersion!, This coating dispersion was, die-coated on the substrate using a coater and an. hot-air drying, oven and then 
dried (drying temperature: 140°C), thereby forming a porous layer including inorganic pigment having a thickness of 35 
^m. In this case, the pore diameter of the coating layer was 8 to 18 nm. ; / , . 

20 * [0082] A porous layer including polymer particles was thenformed in the following manner. Acoating formulation com- 
posed of an aqueous dispersion of a polyester resin (average particle diameter of resin in emulsion: 1 .0 ^m; minimum 
* film-forming temperature": 100 o C; glass transition temperature: 57°C; solids concentration: 30.0%) was die-coated on 
the porous layer including (nprganic pigment using a coater; and an hot-air drying oven and,then dried (drying temper- 
ature: .60°C) to form a porous layer including polymer particles having a thickness of 18 ^m, thereby obtaining a'record- 

25 , ing medium. In this case, the pore diameter of the coating layer was 30 to 1,00 nm. 

[0083] A solid pattern illustrated in Fig. 7 and a linear pattern illustrated in F^ig. 8 were printed on the recording medium 
thus obtained by means of ah ink-jet printer equipped with a feeding mechanism, in this case, as the ink-jet printer, was 
used an experimental printer equipped with 4 heads each having 64 nozzles, the orifice diameter of which was 40 x 40 
nm. The printing was conducted at densities of 200 %, 300.% and 400 %.. . « - { , .. — ~ • 

30 [0084] An ink used was a black single-color pigment ink having the.following composition. The aggregate of primary 
particles of carbon black of the pigment had a particle diameter of 50 to 250 nm ; . , ■■ 



35 


Dispersion of carbon black (MCF88, trade, name, product of Mitsubishi Chemical Industries Limited) 


20 parts 




Diethylene glycol ^ r . . . . , 


5 parts 




Glycerol ..... - - . ■ ^ •.*.: * * '< ~ % * v --r 


- 1 part 


40 


lon-exchanged water - . ^ *. ■ ■ ■' * ' 


B8 parts 




Isopropyl alcohol . ,.\ 


1 part. 



[0085] In the/ecording medium, the degree of overlapping between the pore diameter distribution of the porous layer 
45 including polymer particles and the particle diameter distribution of the pigment component was 4.3 %. 

[0086] After completion of the printing, the recording medium printed was placed in a hot-air drying oven and held at 

140°C for 1 minute to heat-fix the pigment in the ink,, thereby pbtaining a print. In this case, the corners of the recording 

medium were held by a : holding jig to prevent the print from curling. After the heat fixing, the print was cooled to room 

temperature and taken out of the jig., ,- t 

so [0087] The recording medium and print .were evaluated as to the following items {1 ) to (7). The evaluation results are 

shown in Table 1 . In the present invention, the test samples were judged to be accepted in the case that there is no rank 

C in ail the evaluation items. . , ■ , * . : ^ . 

.Evaluation: , 

(1) Ink-absorbing speed (drying property): - : - .'. ' 

[0088] the time until a print sample before the fixing no longer became smeared even when the printed area of the 
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sample was lightly rubbed with a finger after the printing (single-color ink quantity: 400 %) was measured, and the sam- 
ple was evaluated in accordance with the following standard: ■ -. ■ • 

A: Within 10 seconds; 

B: Within 60 seconds; , . 

C: Smeared even after 60 seconds. 

(2) Absorbing ability (resistant to feathering and beading): , 

[0089] The printed area of a fixed print sample was visually, observed to confirm- whether feathering and beading 
occurred. The absorbing ability of the recording medium sample was evaluated in accordance, with the following stand- 
ard: 

AA: Neither feathering nor beading occurred in an ink quantity of 400 %; 
A: Neither feathering nor beading occurred in an ink quantity of 300 %; 
B:.. Neither feathering nor beading occurred in an ink quantity of 200 %; 
Q: Feathering and/or beading occurred even in an ink quantity of 200^%y 

(3) . Ink-fixing ability (rub-off resistance, water fastness)^ ... 

[0090] The printed area of a fixed print sample was rubbed with a cloth soaked with water, and the ink-fixing ability of 
the, recording medium sample was evaluated in accordance. with the following standard: * 

A: No change occurred; , ... . 

C: Pigment attached to the ; cloth.. 

(4) Transmission density (OD) of image after treatment: ; 

[0091] The optical density of image (in a single-color ink quantity of 400 %) of the printed area of a fixed print sample 
was measured from the printed side by means of a Macbeth densitometer RD-91 8. 

(5) Resolution of print image: , ' 

[0092] A fixed print sample was projected by a illuminated photo display case (Schaukasten) for film projection to vis- 
ually observe the projected image. The resolution of the print image was evaluated in accordance with the following 
standard: ...... , , r , ... t . 

A: A NnQ pajttern having. a.pitch .width of 0.2 mm and a thickness of,6-1, mm was clearly resolved; ^ 
B: Somewhat distorted; < r 

C: Remarkably distorted. 

(6) Storage stability (temperature, humidity) : 

,[0093] A fixed print sample was placed in an environmental tester capable of holding at a temperature of 45°C and a 
relative humidity of 95 % and left to stand for 240 hours, and then the sample was taken out and observed as to print 
quality and the degree of color change {fading). The storage stability of the print sample was evaluated in accordance 
with the. following standard: - , . 

A: No change occurred; - ... t , * . 

B: Bleeding or fading occurred to a slight extent; , 

C: Very conspicuous bleeding or absolute fading occurred. 

(7) Storage stability (light fastness, ozone fastness): 

[0094] A fixed print sample was left to stand indoors for 3 months to observe the degree of color change (fading). The 
storage stability of the print sample was evaluated in accordance with the following standard: 

A: No change occurred; . * 
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B: Fading occurred to a slight extent; ' : - ; 

C: Absolute fading occurred. 

Comparative Example 1 : ' , ' * 

s -..'.:*'•• 

[0095] A recording medium was obtained in exactly the same manner as in Example 1 except that the porous layer 
including polymer particles was not provided as the upper layer. Printing Was' continuously conducted on this recording 
medium by the same ink-jet printer as that used in Example 1, and the ink applied was dried to obtain a print. The 
recording medium and print were evaluated as to the items (1) to (7) in the same mariner as in Example 1 . The evalu- 
io ation results are shown in Table 1 . " ; 

Comparative Example 2: 

[0096] A recording medium was obtained in exactly the same manner as in Example 1 Except that the degree of over- 
75 lapping between the pore diameter distribution of the porous layer including polymer particles as an upper layer and the 
particle diameter distribution of the pigrneht cbmpbnent in the ink Was greater, in this case, the average particle diam- 
eter of the polyester resin used in the coating formulation for the porous layer including polymer particles of the upper 
layer was controlled to 6 um. The drying temperature and the thickness of'the resin layer were controlled to 60°C and 
18 nm, respectively. In this case, the pore diameter of the porous layer including polymer particles was from 120 to 360 
20 nm, and-the degree of overlapping between the pore diameter distribution of the porous layer including polymer parti- 
cles and the particle diameter distribution of the pigment component wa£ 58 %. Printing was continuously conducted 
on this recording medium by the same ink-jet printer as that used in Example 1, and the heat fixing was conducted in 
the same manner as in Example 1 to obtain a print. The recording medium and print were evaluated as to the items (1) 
to (7) in the same manner as in Example 1 . The evaluation results are shown in Table 1 . 

25 

Comparative Example 3: 

[0097] A recording medium was obtained in exactly the same manner as in Example 1 except that the upper layer 
was changed to a porous layer including inorganic pigment; In this easel, a silica gel layer was formed as the porous 

30 layer including inorganic pigment. A silica sol-containing coating formulation, which was composed of silica sol having 
a primary particle diameter of from 10 to 20 nm and a polyvinyl alcohol copolymer (R-Polymer R-1130, trade name, 
product of Kuraray Co., Ltd.) having a silanol group and had a solids content of 5 % (cop0lymer/SrO 2 = 0.3). was used 
to- form the silica gel layer. The coating formulation was die-cbated on the lower layer by a coater, and then dried at 
140°C to provide the silica gel layer having a thickness of lO'um as'tHe upper layfer, thereby obtaining- a recording 

35 medium. In this case, the pore diameter of the coating layer was from 5 to 1 5 nm. Printing was continuously conducted 
on this recording medium by the same ink-jet printer as that used in Example 1 , and the ink applied was dried to obtain 
a print. The recording medium and print* were evaluated as to the items (1) to (7) in the same manner as in Example 1. 
The evaluation results are shown in Table 1. / 

40 Comparative Example 4: 

[0098] A recording medium was obtained in exactly the same manner as in Example 1 except that the upper layer 
was changed to a water-soluble resin layer. In this case, a 10 % aqueous solution of polyvinyl pyrrolidone (PVR K15, 
■ trade name, product of Gokyo Trading Co., Ltd.) was used as'a coating formulation for forming the water-soluble 1 resin 
45 layer. This coating formulation was die-coated on the lower- layer at 80°C by a coater, and then heat- treated at 140°C 
to provide a polyvinyl pyrrolidone layer having a thickness of 5 ^m as the upper layer, thereby obtaining a recording 
medium. Printing was continuously conducted on this recording medium by the same ink-jet printer as that used in 
Example 1, and the ink applied was dried to obtain a print. The recording medium and print were evaluated as to the 
items (1) to (7) in the same manner as in Example 1. The evaluation results are shown in Table 1. 

Example 2: 

[0099] A recording medium was obtained in exactly the same manner as in Example 1 except that the porous layer 
including polymer particles as an upper layer was changed to a layer composed of a polyurethane resin. In this case, 
55 an aqueous dispersion of a polyurethane resin (average particle diameter of resin in emulsion: 0.8 jim; minimum film- 
forming temperature: 110°C; glass transition temperature: 53°C; solids concentration: 30.0%) was used as a coating 
formulation for obtaining the porous layer including polymer particles of the upper layer. The drying temperature and the 
thickness of the resin layer were controlled to 60°C and 18 urn, respectively. In this case, the pore diameter of the 



13 

BNSDOCID: <EP 090S324A1_L> 



10 



EP 0 908 324 A1 

porous layer including polymer particles was from 36 to 1 1 2 nm, and the degree of overlapping between the pore diam- 
. eter distribution of the porous layer including polymer particles and the particle diameter distribution of the pigment 
component was 5.2 %. Printing was continuously conducted on this recording medium by the same inkta prirter as 
that used in Example 1 , and the heat fixing was conducted in the same manner as in Example 1 to obtain a print The 
recordmg medium and print were evaluated as to the items (1) to (7) in the same manher as in Example 1. The evalu- 
ation results are shown in Table 2.- > " 

Example 3: ~- ' 

[0100] A recording medium was obtained in exactly the same manner as in Example 1 except that the porous layer 
including polymer particles as an upper layer was changed to a layer composed of a styrene-acrylic copolymer resin 
in this case, an aqueous dispersion of a styrene-acrylic copolymer resin (average particle diameter of resin emulsion 
1.2 urn- ■minimum film-forming temperature: 109°C; glass trahsrtibn temperature: 53"°C; solids concentration- 30 0% 
was used as a coating formulation for obtaining the porous layer including polymer particles as an upper layer The dry- 
ing temperature and the thickness of the resin layer were controlled' to 60=C'and 18 um. respectively In this case' the 
pore diameter of the porous layer including polymer particles was from 41 to 124 nm; and the degree of overlapping 
between the pore d.ameter distribution of the porous'layer including polymer particles arid the particle diameter distri- 
bution of the pigment component was 6.4 %. Printing was continuously conducted on this recording medium by the 
sameink-jet printer as that used in Example 1 , and the heat fixing was conducted in the same manner as in Example 
1 to obtain a print. The recording medium and print were evaluated as to the items (1) to (7) in the same manner as in 
Example 1 . The evaluation results are shown in Table 2. • . - 

Example 4: > '■: . - . • s 

[01 01] A recording medium was obtained in exactly the same manner as in Example 1 except that the porous inor- 
ganic particle resin layer as a lower layer was changed to a pdrous silica gel layer, and colloidal silica (Adelite CT-100 
trade name, product of Asahi Derika Kogyo K.K.) was used as inorganic particles. In this case; the thickness and pore 
: diameter of the .norganic particle layer as a lower layer was 30 nm. and from 6 to 24 nm. respectively. For the porous 
ayer including polymer particles as an upper layer, a polyester resin layer having a thickness of 18 nm was formed in 

h^L" 13 ?^' 35 Example " 1 10 0btai " 3 recordin 9 medium Panting by the ink-jet printer and the heat fixing were 
conducted Mr. the same > manner as in Example 1 to obtain a print. The recording medium and print were evaluated as to 
the items (1) to (7) in the same manner as in Example 1. The evaluation results are shown in Table 2. 

Examples: " . . > 

[0102] A recording medium was obtained in exactly the same manner as in Example 1 except that the layer structure 
was changed to a-structure that a polyester layer was formed directly ona substrate without providing any lower" layer 
n this easer-the thickness of the polyester layer was controlled to 40- um. Incidentally, the pore diameter of the porous 
layer including polymer particles was within a range' of from 30 to 96 nm/and the degree of overlapping between the 
pore diameter distribution of the porous layer including polymer particles and the particle diameter distribution of the 
pigment component was 4.6 %, Printing by the ink-jet printer and the heat fixing were conducted in the same manner 
as in Example 1 to obtain a print. The recording medium and print were evaluated as to the items (1) to (7) in the same 
manner as in Example 1 . The evaluation results are shown in Table 2. 

45 . Example 6: . . . _ . 

•nJ° 31 A l e ? eri £ ent W3 f conducted in the same manner a * in E*a"P'e 1 except that a pigment- and dye-containing 
ink prepared by adding a dye component as a shading material to the pigment ink used in Example 1 was used A 
porous alumina layer as a lower layer and a polyester resin layer as an upper layer were formed in the same manner as 
so in Example 1 to obtan a recording medium. The ink used was an ink containing Ho % of C.I Food Black 2 as a dve 
component. Printing by the ink-jet printer and the heat fixing were conducted in the same' manner as in'Example 1 to 
obtain a print. The recording medium and print were evaluated as to the items (1) to (7) in the same manner as in Exam- 
ple 1 . The evaluation results are shown in Table 2. 

55^ Example* 7: - • : 

[0104] An experiment was conducted in the same manner as in Example 1 except that the pigment ink was changed 
to inks of yellow, magenta and cyan colors. A porous alumina layer as a lower layer and a polyester resin layer as an 
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upper layer were formed in the same manner as in Example l.to obtain a recording medium. C.I. Pigment Yellow 74, 
6.1/ Pigment Blue 15 and C.L Pigment Red 112 were used as pigment components to prepare the respective.pigment 
* iriks. in this case, the aggregate of primary particles of each pigment had a particle diameter within a range otfrom 50 
to 300 hm, and the degree of overlapping between the pore diameter distribution of the porous layer including polymer 
5 particles and the particle diameter distribution of the pigment component was 5.3 %. , 

[0105] Printing by the ink-jet printer and the heat fixing were conducted in the same manner as in Example 1 to obtain 
a print. The recording medium and print were evaluated as to the items (1) to (7) in the same manner as in Example 1 . 
As a result, the recording medium was judged to be accepted like that of Example 1 . 

10 Example 8: 1 ' - - ' L . - " • • 

[0106] A recording medium was obtained by forming a porous alumina layer as a lower layer and a polyester resin 
layer as an upper layer in exactly the same manner as in Example 1 except that the substrate was changed to a white 
polyester film (Lumirrbr,jrade name, product of Toray Industries, Inc.) having a thickness of 100 i*v Printing by the ink- 
is jet printer and the heat fixing were then conducted in the same manner as in Example 1 to obtart a print- The recording 
medium and print wer§ evaluated ^s to the items (1) to (7) in the same manner as in Example 1 Incidentally, the eval- 
uation as to (4) the image density. was conducted by, means of a Macbeth reflection densitometer RO-1255. As a result, 
. the recording medium was judged to be accepted like that of Example 1 , - 

20 Example 9: 

[0107] In this example, porous layer including polymer partidess different in pore cfcameter d*trtout>on from one 
another were formed with the average particle diameter of emulsion resin particles forming f>e upper layer varied from 
0.05 nm to 10.0. .urn. Recording media were obtained by forming a porous alumina layer. as a lowjer layer and an upper 
25 layer using an emulsion of a polyester resin haying its corresponding particle diameter shown; ri Table 3 « the same 
manner as in Example 1 except for the above-described conditions. Printing by thejnk-jet pnnter and the heat fixing 
were then conducted in the same "manner as in Example 1 to obtain prints. The recording mec*a and prnts were eval- 
uated as. to the items (1) to (7) in the same manner as in Example 1 . The evaluation results are shown m Table 3. 

30 Example. 10: ( 

[01 08] In this example, a porous layer including polymer particles as an upper layer was fcymed with a coating formu- 
lation composed of a mixture of two resins A and B in emulsions different in the average par toe diameter of emulsion 
resin particles forming the upper layer from each other. A recording medium was obtained by tormng a porous alumina 

35 layer as a lower layer and a. porous layer including polymer particles as aaupper layer in t*e sarne manner as in Exam- 
' pie 1 except for the above-described conditions, jn this case, the average particle diameters* of a pcryester resin A in 
emulsion and a polyester resin B in emulsion were 2.5 \im and 0.2 \irv\ t respectively .These resr ernu*s*ons were mixed 
at a ratio of 5:1 / The glass .transition temperatures-pf the pplyester resins in emulsions were boei 57" C and the mini- 
mum film-forming temperature after the mixing was 1 00°C. The pore diameter of the resuftane porous layer including 

40 polymer particles was within a range of from 26 to 121 nm, and the degree of overlapping between tne po*e diameter 
distribution of the porous layer including polymer particles and the particle diameter d*strtxjtior> & me p^ment compo- 
nent was 6.1%. . . * " ■ 
[0109] Printing by the ink-jet printer and the heat fixing were then conducted in the same m«tnr*r« a* in Example 1 to 
obtain a print. The recording medium and print were evaluated as to the items (1 ) to (7) in the sat** mamef as in Exam- 

45 pie 1 . As a result, the recording medium was judged to be accepted like that of Example 1 

Example 11:. • , ■ - ~ : * 1 ' 

[01 1 0] An experiment was conducted in. the same manner as in Example 1 except that in the t>eat f nmg. a pressing 
so treatment was conducted in addition to. the heat treatment. In this example, a heated^oll lamrwnor was used m the heat 
fixing. In this case, the surfaces of both rolls were .smoothed, whereby the smoothness of the printed surface of the 
resulting print was enhanced. Alternatively, the surfaces of both rolls. were matte-finished with a pitch of 0 5 M m and a 
depth of 0.5 jim, whereby a print having a low- reflective printed surface was obtained. The recorcfcng medium and print 
were "valuated as to the items (1) to (7) in the same manner as in Example 1. As a result, the recorcfeng medium was 
55 judged to be accepted like that of Example 1 . 
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• Table ,1 • 



Evaluation item ; 


C.A. I 


L/Ornp. ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


(1) Ink-absorbina soeed 


A 

. M i 
1 


p < 

D 


A 


B 


C 


(2) Absorbino abilitv - 


AA 

• MM 




A 


A 


B 


(3) Ink-fixing ability 


A 




A 


c 


B 


(4) Optical density of image after 
treatment 


2.55 , 


' -2.40 - . 


0.80 


1.99 


1.93 


(5) Resolution of recorded image 


;a 


; B' " 


- " C 


B 


B 


(6) Storage stability (temp., humidity) 


a v 


;b- 


A 


B 


B 


(7) Storage stability (light fastness) 


A 


\ B.f ' 


A 


B 


B 


Judgment on evaluation 
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- Rejected 


Rejected 


Rejected 


Rejected 
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Evaluation item : 


Ex. 2 


Ex. 3 


Ex.4 


Ex. 5 


Ex. 6 


(1 ) Ink-absorbing speed 


A 


! A 


A 


A 


A 


(2) Absorbing ability 


. AA 


AA 


AA 


A 


AA 


(3) Ink-fixing ability 


A 


A 


A 


A 


B 


(4) Optical density of image after treatment 


2.49 


2.46 


2.52 


2.54 


2.60 


(5) Resolution of recorded image. 


i A 


A 


A 


A 


A 


(6) Storage stability (temp., humidity) , 


A 


A 


A 


A 


A 


(7) Storage stability (light fastness) 


A' 


A 


A 


A 


A 


Judgment on evaluation ■ . 
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[01 1 1 ] According to the ink-jet recording method of the present invention, as described above, at least a porous layer 
including polymer particles is formed on a substrate, or the porous layer including polymer particles is formed after a 
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porous layer including inorganic pigment is formed as needed, so as to control the degree of overlapping between the 
pore diameter distribution of the porous layer including polymer particles and the particle diameter distribution of a pig- 
ment component m.a pigment ink, whereby the pigment component is arranged in the vicinity of the'iurface of the 
porous layer including polymer particles when printing is conducted with the pigment ink, and so a print" having a high 
optical density of image and excellent resolution can be provided. In addition, the porous layer indue* ng polymer parti- 
cles is heated to make it dense and transparent, whereby the pigment ink is reliably fixed, and so the rub-off resistance 
and water fastness of an image formed can be enhanced. Further, when printing is conducted with an *ik containing 
: both pigment component and dye component, both components-can be uniformly arranged and fixed. Therefore the 
present invention provides a print having good color tone and storage stability. s 
[01 1 2] Disclosed herein is an ink-jet recording method in which recording is conducted with an ink comprising a pig- 
ment component on a- recording medium comprising a substrate and ! a porous layer including polymer particles pro- 
vided thereon, the method comprising, in the case where the pore diameter distribution of the porous layer including 
polymer particles and the particle diameter distribution of the pigment component are both expressed in terms of fre- 
quency distribution, the steps of forming an image upon controlling a proportion of the frequency of the pore diameter 
of the porous layer including polymer particles, which overlaps the particle diameter distribution of the pigment compo- 
nent, to the frequency of the whole pore diameter of the porous feyer including polymer particles to horn 0 1 % to'10 % 
; and heat-treating the porous layer including polymer particles after the formation of the image 

Claims 



1 . An ink-jet recording method in which recording is conducted with an ink corrprising a pigment component on a 
recording medium comprising a substrate and a porous layer including polymer particles prowled thereon the 
method comprising, in the case where the pore diameter distribution of the porous layer inducing polymer particles 
and the particle diameter distribution of the pigment component are both expressed in terms or frequency dtstribu- 

25 tion, the steps of: 

forming an image upon controlling a proportion of the frequency of the pore diameter of the porous layer includ- 
ing polymer particles, which overlaps the particle diameter distribution of the pigment component to the fre- 
quency of the whole pore diameter of the porous layer including polymer particles to from 0 i X to 10 % and 
heat-treating the porous layer including polymer particles after the formation of the mage 

2. The ink-jet recording method according to Claim 1 . wherein the pigment component is arranged -*nrwi a range of 
from the surface of the porous layer including polymer particles to the depth of 5 |im. 

3. The ink-jet recording method according to Claim 1 , wherein the pore diameter distribution of the wnote porous layer 
including polymer particles falls within a range of from 10 to 300 nm, and the pore diameter of the porous layer 
including polymer particles within a range of from the surface of the porous layer induding porymer partdes to the 
depth of 5 urn is 1 00 nm or smaller. 

4. The ink-jet recording method according to Claim 1 , wherein the thickness of the porous layer nducfcng polymer par- 
ticles falls within a range of from 1 to 40 jam. 

5. The ink-jet recording method according to Claim 1 , wherein the content of the pigment compel* »n the pigment 
ink falls within a range of from 0.1 to 20 % by weight based on the total weight of the ink 

6. The ink-jet recording method according to Claim 1 , wherein a porous layer including inorganic pgment is formed 
between the substrate and the porous layer including polymer partides. 

7. The ink-jet recording method according to Claim 6, wherein an ink-absorbing capacity of the por ou* layer including 
inorganic pigment is greater than that of the porous layer including polymer particles. 

8. The ink-jet recording method according to Claim 6, wherein an ink-absorbing speed of the porous layer including 
polymer particles is higher than that of the porous layer including inorganic pigment. 

9. The ink-jet recording method according to Claim 1 , wherein the ink comprises further a dye component 

1 0. The ink-jet recording method according to Claim 9, wherein the dye component is passed through the pores of the 
porous layer including polymer particles and fixed into the porous layer including inorganic pigment 
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11 . A print on a recording medium comprising a substrate <and a polymer resjn layer provided on the substrate, wherein 
a pigment component in an ink is fixed in the. vicinity .of the surface of the polymer resin layer, and a dye component 
„ • in the ink is fixed on the substrate. 

s . 12. The print according to Claim 1 T, wherein the polymer resin layer is transparent. 

• 13. The print according to Claim 11, wherein the polymer resin layer is formed by making a porous polymer resin 
dense. 1 *" . .. < ~ ■ 

io 14. A print on a recording medium comprising a substrate, a porous layer including inorganic pigment and a polymer 
resin layer successively formed on the substrate, wherein a pigment component in an ink is fixed in the vicinity of 
the surface of the polymer .resin layer, and a dye component in the ink is fixed into the porous.layer including inor- 
ganic pigment. . . 

75 15. The print according to Claim 14, whereii? the polymer.resin layer is transparent. 

16. The print according to Claim 14, wherein the polymer resin layer is formed by making a porous polymer resin 
dense. i 
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